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Identification of Rickettsia conorii Infection by Polymerase Chain Reaction in a
Soldier Returning from Somalia

Wheaton J. Williams, Suzana Raduloric. Fron the Infectious Disease Service and the Derniatologr Ser'ice. Walter

Gregory A. Dasch, Jill Lindstrom, Daryl J. Kelly, Reed Ar,,r Medical Center. Washington. D.C.: the Department of

Charles N. Oster, and David H. Walker Pathologr. Unirersir.l' of Texas Medical Branch. Gahwesion. Texas: and
the Viral and Rickettsial Disease Program. Natal Medical Research

Institute. Bethesda. Mareland

A soldier developed characteristic manifestations of boutonneuse fever shortly after leaving
Somalia. Rickettsial DNA was detected in a biopsy sample of the tache noire by a polymerase
chain reaction (PCR) in which primers derived from the 190-kD antigen gene of Rickettsia
rickettsii were used. The source of this DNA was identified as Rickettsia conoril by restriction
fragment length polymorphism (RFLP) analysis of the PCR product. R. conorii was also isolated
from the skin biopsy specimen. The patient did not develop a significant increase in specific
antibodies, as assessed by. indirect fluorescent antibody testing, until several weeks after the onset
of symptoms. This case demonstrates that the PCR/RFLP technique can be used for the direct
identification of rickensiae from clinical specimens. To our knowledge, this is the first confirmed
case of R. conorii infection in Somalia.

The deployment of U.S. forces to Somalia exposed large isolated in a timely manner by shell vial centrifugation-en-
numbers of soldiers to infectious diseases endemic to the re- hanced cell culture, but few laboratories undertake this
gion. including rickettsial diseases [ I]. While information on method [8). The identification of the isolate by serological
rickettsial infections in Somalia is limited. these diseases techniques is hampered by cross-reactivity among SFG rick-
have been well described in neighboring countries. and a ettsiae. which is addressed by the preparation of specific mu-
serological survey of Somali refugees has suggested past ex- rine typing sera or monoclonal antibodies [17. 18). The poly-
posure to rickettsial organisms of the spotted fever group merase chain reaction (PCR) provides a means for the rapid

(SFG). possibly including Rickettsia conorii [2]. Tick typhus detection of rickettsial DNA in clinical samples [ 19). and

due to R. conorii is the rickettsial infection most commonly restriction fragment length polymorphism (RFLP) analysis
imported by North American travelers. %ith most cases ac- of the PCR product is useful for the identilication ofrickett-
quired in eastern or southern Africa [3. 4]. siae [20]. We report here a case of boutonneuse fever ac-

R. conorii is transmitted to humans by Rhipicepholus san. quired in Somalia in which the diagnosis was confirmed by
guineus and possibly by a variety of other ixodid ticks as well. PCR/RFLP analysis as well as by isolation of R. conorii from
Infection with this organism results in an acute illness char- the tache noire.
acterized in its classic form by fever. maculopapular rash.
and an eschar at the site of the tick bite (the "'tache noire")
[5]. The diagnosis can be confirmed by serological testing. by Case Report
isolation of the organism from blood or skin. or by immuno-
histologic or imrnunocytological demonstration ofthe organ- A 36-year-old man spent 3 days in Somalia in late De-
ism in skin biopsy samples or in circulating endothelial cells cember 1992. He staved in a tent in the U.S. Embassy com-
16-16]. Serological testing is generally not helpful in ealuat- pound in Mogadishu each night but traveled extensively in
ing the acutely ill patient. as most patients do not serocon- rural areas during the day. He always wore his military fa-
'cri until after day 10 of the illness (.). Rickettsiae can be tigues but never used insect repellant. He did not recall any

tick bites or contact with animals. On his return trip to the

United States. he stayed overnight at a modern hotel in Sin-

R ecic ed 1 October 1993: revised 17 Februan 094. gapore and was unaware of having sustained any tick or mite
Trhe oipini•n.• and as.enions contained herein are not to he construed as bites.

offcial or as reflectin. the views or the U.S. Arm%. the U.S. Nav%. or the About I0 days after he left Africa. he develiped abrupt-
Department •r Defens. A

Thi, mne.tigation was suppioted by the NataI Mcdical Refearch and onset fever. headache. neck stiffness. arthralgias, and myal-
Ilh.-kipment Command. Research Task 6l2787A.•I6"79At•?0..AH.I-"*. gias. Three days later, he noticed a black skin lesion on his

Reprint% or correspondence: Dr. Wheaton Willium%. Infectious Dimeases right calf. He sought medical attention in a local emergency
Clinic, lepartmcn of rMedicine. Fitzsimons Arm% ,edical Center. Aurora.
Colorado 800.-.X001 room and was given cephalexin for a presumed upper respira-

Clinical Infretious Diseases 1994;19:93-9 tory infection. however, his symptoms were not alleviated.
Ihi% ari'clc, . in the puhhe domain One week after the onset of his illness. he developed a non-

94 9 23 061
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.Materials and Methods

Inwnelhisinloe.r. A biopsy specimen from the eschar
was shipped frozen on dry ice to the Rickettsiology Labora-
tor'. Department of Patholo.y. University of Texas Medical
Branch. Gal'eston. There the specimen was thawed and di-
vided into two portions: one for PCR and rickettsial isolation
and the other for immunohistologic assayv of SFG rickettsiae.

The tissue for the immunohistolosgic studies was fixed in
4c neutral buffered formaldehyde and embedded in paraffin.
Sections (5 pm thick) were cut and processed as previouslI
described for immunofluorescence and immunoperoxidase
demonstration of R. conorii [ 10. 2 1].

Serological studies. Microimmunofluorescence testing
was conducted as described previously [22]. The rickettsial
species that were used as antigens in the indirect fluorescent
antibody (IFA) test included R. conorii (Malish 7 and Mor-
occan strains). Rickettsia africae (Zim F) [23]. Thai tick t'-
phus (TT- 118). Israeli tick typhus (ISTT T-487). Rickettsia
ývphi (Wilmington strain), and Rickettsia isuistiganis.hi
(Karp. Gilliam. and Kato strains). Sera were tested as serial
twofold dilutions from 1: 16 to 1:512 against each antigen.
and the results were read at 40X with a fluorescence micro-
scope (Photomicroscope IlI: Zeiss. Oberkochen. Germany).

Figure 1. Photograph of a 2-cm eschar ("tache noire-) on the Fluorescein-conjugated rabbit anti-human IgG (heavy- and
right calf ofa soldier who acquired R. conorii infection in Somalia. light-chain-reaction) was obtained from Cappel Laboratories

(Cochranville. PA). The end-point titer recorded was the
highest dilution with distinct fluorescing rickettsiae.

productive cough. He presented to Walter Reed Army Medi- The western blot assay was performed as previously de-

cal Center 2 days later. scribed except that the antigens were purified by Renografin

On examination, he had a temperature of 102.6*F and a (Squibb. New Brunswick. NJ) density-gradient centrifuga-
faint maculopapular eruption involving the chest, abdomen. non 124]. Rickettsial antigens used in the immunoblots in-

face. proximal upper extremities, and palms. Bilateral palpe- cluded those of Rickettsia sibirica (246-PP [plaque purified]).

bral conjunctivitis was evident. A 2-cm (in diameter) cry- Rickettsia sloi'aca (B strain). R. conorii (Kenya tick typhus
thematous lesion with a black center was noted on his right strain). R. africae (Ethiopian spotted fever strain ETH
calf (figure I). A 2-cm mobile, tender right femoral lymph SF2500). Israeli tick typhus (ISTT T-487). Rickettsia akari
node was also documented. No evidence of meningeal irrita- (H5564). Ambhioninia americanam tick isolate (OSU 85-
tion wlts found. The lungs were clear. 1034). Rickettsia bel/ii (OT-2006). R. t*'phi (Wilmington

Laboratory evaluation revealed a white blood cell (WBC) straih). and Rickettsia pro'a:ekii (Breinl strain). The pa-
count of 9.6 X 103//LL a hematocrit of 42¶•. a platelet count uentis sera were allowed to react with the electrophoresed
of 3•8.000//pL, a serum aspartate aminotransferase level of antigens at a 1:100 dilution. Antibody binding was detected
129 IU/L. and a serum alanine aminotransferase level of 391 with goat anti-human immunoglobulin -y- and /-chain-spe-
IU/L. A lumbar puncture yielded CSF containing 25 WBCs/ cific horseradish peroxidase conjugates (CalBiochem Behr-
pL (100%, mononuclear cells), no red blood cells. 32 mg of ing. La Jolla. CA) and 4-chloro-l-naphthol histochemical
protein/dL. and 67 mg of glucose/dL. A chest radiograph stain.
revealed an increased density in the right base consistent Isolation and identification ofrickettsiae. A monolayer of
with an infiltrate. Punch biopsy samples of the eschar were African green monkey kidney (Vero) cells with minimal-es-
obtained. sential medium containing 1% fetal bovine serum. 2 mM L-

On the basis of epidemiological and clinical features. spot- elutamine. and antibiotics (Sentamicin. 4 /g/mL: sulfameth-
ted fever rickettsiosis was diagnosed and the patient received oxazole. 6 ug/mL trimethoprim. 0.064 ug/mUL and
a 5-day course of doxycycline (100 mg by mouth two times amphotericin B. 5 pg/mL) in a 150-cm2 flask was inoculated
daily). He had a dramatic response to therapy and was afe- with a homogenized sample of the biopsy specimen from the
brile within 24 hours. uche noire. At 7-day intervals, the cells were trypsinized for
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pasae and a Sample was stained by the Gimenez method
124aJ for detection of the arowth of organisms.

Heavily infected cells were harvested from the culture
flask and stored at -80*C until used for microimmunofiuo-
rescence serotyping. PCR/RFLP analysis, and transmission
electron microscopy. Murine typing antisera were prepared
for R. conorii (Moroccan. Malish 7. and Kenvan tick typhus

1'strains).Rickettsia rikettsi (Sheila Smith strain). Israeli
spotedfevr ickttsalisolate (A828). Astrakhan spotted
fevr rcketsal tran.Rickettsia helretica. R. sloraca. R.

SFr (cKaplian species). and JC-880 (an unnamed Pakistani
SFGricettialspeies byintravenous inoculation of rick-

ettsiae into the tail vein of adult Swiss-Webster mice accord-ii ~ina to the method of Philip et al. [117]. Mice received a similar.
intravenous booster immunization 7 days later. Sera were
collected 10 days after the first immunizing dose. pooled.
and stored at -70*C. Typing sera and monoc~lonal antibod-
ies that are species-specific for R. coiiorii (U 14) and R. rici-
eitsii (50 l0F3) were allowed to react with acetone-fixed anti-
2en slides of the human Somalian isolate and the
hiomoloeous rickettsial strain [25].

Detecijo, anid identificationi of SFG rickettsial DAA in the
tache noire hr PCR. Riciettsiq-specific DNA sequences in
tache noire specimens. in the rickettsial isolate. and in proto- .
type strains of SF0 rickettsiae were amplified-by PCR: DNA
sequences from the gene of the l90-kD surface protein of R.
ricketisii were used as oligonucleotidle primers as described
preiul 20.PRwsprormed with use of 10 isL or the ... &*

boiled tache noire suspension as a DNA template. A pair Figre 2. Biopsy sample from an esehar on the right calf of a
of oligonucleotide primers previously designated as Rr soldier who acquired R. cononji infection in Somalia. Note the ne-
1 90.602. (5-ATGGCGAATATTTCTCC.kAAA-3) 5 and crosis of the epidermis and superficial dermis (arrow) and the peri-
R r 190. 70p, (5'-AGTGCAGCATTCGCTCCCCCT-3) were vascular lymphohistiocvtmc infiltrate (betweenp the arrowheads) with
employed. PCR amplification was carred out for 35 cycles of endlothelial cell swelling (hematoxylin and eosin. X 140).
denaturation (20 seconds at 95*C). annealing (30 seconds at
48*C). and extension (2 minutes at 60*C). and PCR-ampli- rickettsiae. although blood vessels with a perivascular lym-
fled DNA was detected by rapid agarose electrophoresis of a phohistiocvtic infiltrate characteristic of the host response to
I 0-pL volume of the PCR product. rickettsial infection were identified by light microscopy (fig-

A opal ~i.si ofaniplijfied A.\. Ahr R FLP. Restnction endonu- ure 2).
clease digestion of 10 uAL of the PCR products follo%%eJ stan- The IFA tests confirmed the diagnosis of SF0 rickettsiosis:
dard techniques. with incubation at 37*C 1261. stil endonu- the patient had an eightfold rise in titer of antibody to the
clease was obtained from Promega (Madison. WI). Moroc~can strain of R. co,,orii (table 1). The patient-'s acute.

After the addition of dv'e-Ficoll loadinz mixture. the di- ph~ase serum had a significant level of antibodies to the Ma- -

cested reactions were loaded on I.S-mm-thick. 8"i rpolI.i, -% I lish 7 strain of R. conorli. but no significant rise in antibody
amide vertical gels made by standard procedures 12(" ,! titer from this level was noted in convalescent-phase serum.
o i con ucleot ides were separated by electrophoresis at t:LI0 Western blot immunoassavs were conducted with sera ob-
for I hour. The g~els were then stained with ethidium bro- tained at all three time points (acute phase. oa:"n
mide before illumination with an ultraviolet lifht source and phase. and late convalescent phase) to confirm that the low
%%ere photographed with Polaroid type 107~C film (Siama titer ofantibodies detected by I FA tests were characteristic of
Chemical. St. Louis). nickettsial infections (figure 3) 17. 24). Strong IgM and

%% eaker IGO antibodies to the variable large and small surface

Results protein antigens (hands >90 kD) were observed with all iso-
lates except R. hdlii. which tacks these antigens (figure 3.

Evaluation offrozen sections ofthe tissue sample b\ immu- lane F). No apparent specificity fo'r the bands of a single
nofiluorescence and immurnoperoudase failed it, re'cal sr; %pecies (as documented for some wrm) was found. Although



Table 1. Diagnositic serology for rickettsial diseases: evaluation Rickettsiae were detected in the second passage after 14
of a soldier who acquired R. conorii infection in Somalia. dav in cell culture. Reaction with typing sera demonstrated

that the Somalian isolaie was an SFG rickettsia antiocnicall%
ISM/1GO titer at indicated time (mo/

d/y) mo~st clo.-elv- related to the Moroccan strain or R. callori- (ta-
bit 2). Transmission electron microscopy revealed small in-

Con- Late tracellular eram-negative bacilli morphologicall1v typical of
Acute valescent convalescent SF0 rickettsiae.

Afltieen* 11/3 21/3 31/3
(1/1/93 (211/9) (/1093) PCR am'rplification or DNA extracted from the rickettsial

R. ronomrii(Malish 7 strain) 64/64 64164 16/1:8 iso~late with use of primers for the 190-kD gene yielded a
R. cationu (Moroccan strain) 16/16 64/32 16/12F distinct DNA product (figure 4). RFLP analysis or the PCR-
R. afrrcue (Zim F) 16/16 < 16/32 16/32 amplified DNA from SF0 rickettsiae encoding sequences of
TIr- IS 16/< 16 16/64 16/32 the 190-kD gene showed that the Somalian isolate was indis-
ISTT (T-487) 16/< 16 <16/<16 16132 tineuishable from two standard strains of R. conorii (fig-
R. irpoi (Wilmington strain) <16/<16 16/32 32/64
R. is.instoaushni~i (Karp strain) <16/<16 < 16/< 16 <16/<16 ure5)
R. Isiiu~ili(Gilliam strain) < 16/< 16 <1 6/<c16 <16/< 16
R. ,uistastgartrieshi (Kato strain) < 16/< 16 < 16/< 16 < 16/< 16

Discussion
NOTE. Sera were screened at a 1: 16 dilution bv the I FA test with fluo-

rescein isothiocvanate-labeled roit anti-human IjG and 1gM. Genera~ll. Peiu tde aedmntae htPRcndtc
an I FA titer of "4A or a rise in titer to ;,64 in the appropriate clinical scieatng etilDAi lnclsape.PRapiiainwt
is considered diagnostic. iktsaDN inciiasape.PRmlfctonwh

TT-lI IS - Thai tick typhus. ISTT - Israeli tick typhus. oligoniicleotide primers based on the DNA sequence of the
I -kD antigen gene from N. rick-eitsi has been used for the
retrospective detection of rickettsiae in blood clots from pa-

anti-lipopolysacchanide (LPS)'reactivity (20. to 50-kD re- tients with acute Rocky Mountain spotted fever and acute
Sion) is common with most typhus and SF0 rickettsial infec- t% hus and in serum and CSF from a seronegative patient
tions. only the LPS of R. sibirica (figure 3. lane 1) and the with a fatal rickettsial infection 119. 27. 28). The I 7-kD anti-
unique washboard pattern of the higher-molecular-weight per, is an outer-membrane protein with characteristics of a
LPS of R. be//li (33-90 kD. figure 3. lane 8) could be de- hpoprotein. and its Sene sequence is highly conserved among
tected with ISM. Serum reactivity was also atypical in terms tphus and SF0 rickettsiae. Consequently. PCR is not useful
of the weak IgM reactivity and the very pronoiumied IjG in distinguishing between typhus-group and SF0 rickettsial
reactivity with the 60-kD protein (Groil homnologue. HSP infections if the primers used are based on conserved regions
60) present in each of the isolates. No significant differences of the I 7-kD antigen gene 129. 301. RFLP analysis of the
in intensity or antigenic specificity were observed among the PCR product from the I 7-D antigen gene primers differen-
three sera tested by western blot (data not shown). despite timtes SF0 from typhus-group rickettsiae but does not differ-
the somewhat higher antibody titers observed by IFA testing. entiate among closely related SF0 rickettsiae 119. 29).

19M 1gS
1 23 45 67 89 10 1234567891

"A 4'.,
~~ P Figur 3. Western blot immunoassav reactivity

of acute-phase serum diluted 1: 100 with antiltens
106- from typhus and spotted fever rickettsiae. Molecu-

- .- lar-A eight markers (in kilodaltons) are shown at
80- _----the left Lane)/. R. sibirica (246 PP [plaque puri-

[~~ 2 M.; 7 fled): lane 2. R. slotie ( l) w Ia. N. . eoneis

7. (Kenva tick tvphus): lane 4. R. africar (ETH
SF2500): lane ý. Israeli tick typhus (ISTT T-487)-

so- Lne 6. A. *Aani (1-556.4): lone 7. A. anwrenienuny
tick- isobie (OSU 0s-1034): lane8. R. belili (OT-
200) laoe 9. R. it- rhi(Wilmington): and lane J0.

33- it. prewuVe~i (Bremni).

27-
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The identification ofSFG rickettsiae through PCR technc4-
oy has been accomplished by RFLP analysis of PCR prod-
ucts from primers based on the DNA sequence of the I 90-kD
antieen -ene of R. rickeltsii 120). Since the 1 90-kD surface

jI protein antigen gene contains both conserved and variabX-
Y sequences. it is useful for PCR/R FLP analysis (20. 3ý11. The

PCR/RFLP technique has been used to demonstrate the tee-
n otypic variation among SFG rickettsiae and to distinfouish
'ý!tween Israeli SF0 rickettsial clinical isolates and reference

strains of R. ronorii [32]. Our case confirms that the PCR/
RFLP technique can be used for the accurate direct identifi-
cation of rickettsiae from clinical specimens.

This case illustrates the difficulty of confirmine the diafr
nosis of rickeitsial diseases and the inefl'ecti% eneSs of man%
antimicrobial regimens that are applied empiricall% to un-

diainosed illnesses of suspected infectious orievin. klorteo% er.
the pul monarv manifestations of nonproductive cough and a
radiographic infiltrate demonstrate that this patient had %ui'-
stantial visceralI nvolvement. R. ronnrit infection is occo-

~2~ %ionalk, severe or even fatal (33. 3.14)
This case also documents the utility of PCR as a diagnostic

'~tool in rickettsial infections and high~lights the limiw~ionsf-o
availablea serolocical and immunohistolneic tests. The ru-
tieni had classic clinical manifestations of boutonneuse (ce'er
for about 10 days before receiving appropriate antibiotic ther-
ap. but did not develop a significant increase in spec-ific anti-
bodies-as assaved b%- standard serological methods-until
several weeks after the onset of his symptoms. In addition.
western blot immunoiassavs demonstrated that the patient

Figmr 4. Ethidiumu bd sandagar jel ot PCR piroducts
of the Somalian SF0 rktsial isiolater with use orprimers for the

Table 2. Reactivitvn f the Somalian SFG ncLettssal i7.tate -A ith 190-kD SF0 antige gene and positive and negative controls.
munine iypinl; sera and monoclonal antibodies (NMabs) From left: lone /. 123-bp DNA ladder molecular markcets: lone 2 A

phage digested with BstEll. lone 3. As phage digSted with Hind ill:
IFA .. c 'ith lone 4. PCR-positiv'e control (A primers and DNA (gent Amnp

PCR reagent kitj))- oiar '. PCR product with R. conorli (Moroccan
Sonalta~n Ho'msos.opi. strain): lan.- 6. PC'R product with R. ,ikekrnsii (Sheila Smith strain).

n.I~ii'u. and lane -. PCRF product with Somalian SF0 rickeitsial isolaic.

T~pinfe rum
A' ... mtrii (Msorsms.n %iTrJmn) iZ" did not dr.velop significant amounts of antibody to the er1-
A' .. '".,# I NIjish - frim)n tiC t opes unique to either typhus or SF0 LPS. which typicall..

R .- Kct'iiSm, iph 'ruoi ir hetisia im. noenic in most infections with thewe rick-
etsic 7.24.The immunoblot patterns were .s.rc 1 of

Aorirl~hin rp.'Ilcd h'.~u ~ir~im . ,'. nckeitsial infections in their relatively weak reacti% It%. with
si'aL,'Lni %..iiL:i.".r sirjsn jJ( *NIi~ L M~ .. With IPM. such reactivit.. could he discerned onl.. as a

A'R w (Kaiplin tIrainl I <It. %%:4 eak.' broad washboard pattern with R. sibiric,, and R. 1w/it
R '"a,, (A.irjns " ~ "'' ntipcn s; 'uith IgG. it could not be discerned at all. In higher-

A. ..Iin~ti. -Ijr itered s.era. this react,..it. i% observed with all SFG anticens
and both cla...es of antibodies The prominent reacti' it%. of
I 'c the 90-. to, 2 WkD serot% pe protei n a n tigens is typical1 of rick-

%i~st ( II~i . it i,'ttial'infections (in this cas.e. strong and broad reactivit.\

%%ith Ilkl. weaker and more restricted with IgG). About 10r
7,i~r of w.ra friom patients uith SF0j infections exhibit reactivit.\
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species-specific antibodies to R. t-onorii (S. Radlulovk and
D. H. Walker. unpublished data). This assay offers the posi-o
bilit\ not on]% of deierminino that the IFA reactivit\ was.
stimulated h.\ the pathogenic rickettsial species R. conornl hut
also of makine earlier serological diagnosis. It is unlikel% that
therapx with cephalexin affected the patieni's antibod\ re-
sponse. a-1 3-lactam drugs are not acttve against rickettsiae
p5]. lmmunofluorescence and immunoperoxidase staining
of a biop'\ Qample from the tache noire failed to reveal rick-
ettsiaeý

The u-ce of PCR not onl\, led to a diagnosis of rickettsia]
infection but also established the species of the infecting or-
2anism. PCR of infected skin-rash biopsy samples may also
be helpful in the rapid diagnosis of boutanneuse fe'er in
cases 13ckine an eschar. These cases are difficult to distin-
guish from other acute febrile illnesses with exanthem. An
eschar often i.; not recognized and frequently is not prescilt
13]. W~hen patients have no rash. circulating endcothelial cells
captured by immunomagnetic beads may provide an appro-
priate sample for the sensitive detection of SF0 rickettsia]
DNA ( 121. Clinical samples that have been used for the diag-
nosis of rickettsia) infection b\- PCR analysis include blood
clot, serum. CSF. and tissue obtained at recropsy or at cuta-
neous biopsý. Samples may be processed immediately or
stored at -70cC until examined. PCR amplification of DNA
extracted from formalin-fixed tissues requires particular care
for the succm-~ful detection of rickcttsial material 1361. PCIR
is a promisint diagnostic technique for nickettsial infections
because it can rapidl\ detect small numbers of rickettsiae in
easil% obtained clinical samples. thus establishing a diagnosis
earlier in the clinical course than is possible wvith serological
testing. PCR should prove more sensitive than immunohis-
tologic staining techniques because it evaluates a larger vol-
ume of issue. The isolation of rickettsiae in cell culture is no
more difficult than the isolation of cvtomeealovirus-a rou-
tine procedure in many- hospitals-but usually requires 7/2
hours. The timely treatment ofSFG rickettsioses depends on
clinical and epidemiological acumen and a high index of sus-

Figure 5. RFLP analysis of SF0 ricL'ettsial DNA firom the tache piciont. Ideall'.. these specific laboratory tests will be used to
noire and from prototyp SF0 rickettsiae amplified with prm* confirm the diaenosis earl% in the course of treatment.
for a 532-bp sequence of the 190-kD protein gene. digestedl with -

Pst I wstriction endlonuclease. separated in an 8'Z actylamidle gel.
and stained with ethidium bromide. From left: lani 1. X. phage
digested with Hindlll. /an, :.. R. conorii(Malish 7 strain): /one 3. R. Acknowledgmenlts
rpitorh (Moroccan strain): and latac 4. digested PCR product ob-
tained directlN from the tache noire. The author, thank Wendy DuPriest. Margie Benitez. and
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